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^^7]o] AV-g-^ ^4i^^H ^^-^ ^]^^}^ ^b^7> 

7W^]^^. n wlE(n^ 2o]^^S] 7^]-<^^)^ CSD 3.B.^]^S. K^^^ ^B^;^]^!-^ ^■^S. 

^t1^1==r-i-<Hl 3.^^^^ 2fl^-i- f'oflA-^, ^jsfl^ ^^2|)^(common subexpression)^ 

HlSol-^. Hlm7>'a-, HlEti]-;^^- ^^}c^ J^fl^l"* #<i>>H »1 (vi rtual) ^ 

£ 4 

FIR CSD, ^*2fl^. :tE-1^^«J-i^ 
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^}-%-^ C SD ^^^^ F I R ^2: ^ =Lcii] 

^El^^^^{Low power CSD Linear phase FIR filter architecture using virtual common 
subexpression and filter design method therefore} 



£ 1^ ^2fl5l AV^tb CSD 'Jd^^^i- ^Bl^SiE 

£ 2fe #Hfl2l ^^sfl^^ ^>^tb CSD ^^^^ €Ei^2:£ 

£ 3^ ^efl^ ^}-%-^ CSD ^^^^^ ^E^^SS 

H 4^ ^ ^il'^l 3E. 1^ 7fl>a^ CSD '?d^^^ ^E^^^S. 

£ 5^ ^ <a 421- :£ 2» 7fl'«dt!: CSD ^e^^sS 

5. 6^ ^ ^'^'^l 'a <^1<H1 S. 3* 7]]^t!: CSD ^^^^ ^b\^2iS. 

s. 
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<9> ^ t^^l^ ^Eloi] ^^S., ^§1 ^^2fl^^ AV-g-tb CSD 

^3: ^ ZLofl nq-s. ^ojcf. 
<10> ^tiV^O.^ Cl^ll ^^71, ^^^7], ^ ^^^l-^^^^Vl- i^S>^ ti>£ 

^1 71^. ^V<^ ^12:^>^ ^<H1 Sltfl ^ ojc^., ^eitV Cl^m ^B]^ '^^^^51- € 

B];^!^ HSlJl 2.^ 2^1 :e.^^(2's complement) .2.^ ^o] <aH>aj 

o]t]-, JL^ ^B\7} o]^ ^A] Aj-hE^ ^^7l -^2^ IF (Intermediate Frequency) 

A^E)o^^cil ttj-e}-. ^^7.1» A>-g-eM ^Jl ^^7] 

<ii> ZLSltlr ^1^:i^>^-$-S. ^^S]^ ^^]^ ^Eiofl^i^ 22^ iL^^ 

CSDCCanonical Signed Digit : ^^l^V CSD) ^2] ^^o] a>^€cV. ^ 

B];^]^* wHMe)(Binary)S M-Bi-^ nfl, 22] :^^^:e.tq.^ CSD^o] is^ ^7} ^7\] 
5l7l nfl^<:'lcf. cj- CSD^ 2| 1^- -1^1 2.^ ^>-g-^^ 22] Ji^^^) 

4s.t:f. CSD^2l ^1^^: ii^, 12] ^jcH]^ 3i^7l7l- a>^s)j7, 

-12] t'S7l7> A>-g.5ii4 s]s. ^^«l-§-^ ^rq.. 

<12> ^ti]-^O.S, ^E^^l^oll A]-g-£]^ 1 -12] ^7} ^^2] ^2]- ^^l^Cf. ^, <a 

2]2] ^E-]o1lA-] 1 5E^ -lo] ^ m7fl7> nfl. ^^j-o] m-l7fl2] ^.go] ^^5>q-. 

<^1» 1-<H. m=24 ^ 237fl2] ^^7l7l- ^^^>tq-. 
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<13> ZLsm, ^eofl^ CSm^ ^H.^^^<HlAi ^-B-^o.^Al ^^2] ^» ^ 

yj-'^'^l >^l-§-slJl ^cf. ^^^>a-(Linear phase) FIR 871\^ 7^1 

SZ^ «fl h0~h3Sl h7~h4^ tfl^ioicf. olsf ly^o] 

FIR ^>^^ ^^^^^1 27H o]^ 

<i4> oisHl-^i^ ^ ^^^^ <^1^1- s^ssqoii^ cf^ € 

^ ;Nln^(coefficients)^ tfl^Hl>H ^5^^^]^ ol-§-*H FIRCFinite Impulse 

Response :<>1^> FIR)^El# ^^l^m ^^fl y]^^ ^31 ^7] ^^^t\.,. 

<15> :5j^o^ ^-f^^i, 14^^ ^^^^ FIR €£-1* sr>^>. 

<16> H(z) = ho + hiZ-l+ h2Z-2+ h3Z-3+ h4Z-4 + hsZ-^H- heZ'^^ h7Z-7+ h8Z-8+ h9Z-9+ 

hioz"iO+ hiiz-ll+ hi2Z-l2+ hi3Z-i3 
<17> r^^jq. ^o. CSD^-^S ^^'>Ji\:^^JL ^M. t^^^ S.-l^^ -1^ 

<18> ^-1 





1 -1 
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1 N 
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1 h6 
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1 N 






1 1 





9tilms. CSD^sl ^E^;^]^» >^-fl^«<j-*J=^ M-Efi^i:^. ^ 
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hO^ ^^i^l^^^ OIOONOOIO^ CSD :^]n^'=>]^. ^7] S<H1a1 7>SWo^^^ 4=1 o) 

i:il5>Jl, ^flS.^ ^]<^^ 1^^ 1^^ ^-8: Xi-^^ ^^^5]^, 7l§ 

<21> c^sl z]-z]-o^ 4^^-^^ M-Bl-ifl^ cf^s}- ^r:f. 

ho-X2 = xi-xi » 3 + xi » 6 

hi^xs = xi-xi » 3 + xi » 7 

h2'X4 = xi-xi » 3 + xi >> 5 

h3:x5 = xi-xi » 4 + xi » 6 

h4:x6 = xi-xi » 2 + xi » 6 

<27> h5:x7 = xi » 1-xi » 3 + xi » 6 

<28> h6:x8 = xi » (-1) -XI » 3 + xi » 6 

ho:x2 = XI -XI » 3 + XI » 6 S.^^ xi afl , ^-loIjA] io^T^l 

^ Vi}9\- ^o] -xi » 3^ >a-7l xi# 7l§o.^ 3 HjS 41 SM, XI » 6 ^ ^^-71 XI -ir 7] 

^o.^ ealM 4=)i:^» ^^1^1^. <^7lA^, ^^7] xi ^ iwls 4^^:^^ y^ms. 

hi:x3 = xi-xi » 3 + XI » 7 ^ -l,-4,-8o] ^cf. ^tt. ^^7] -(-4)^ 
+4^^fl Sjol ^7l ^^IS^ "1^7]^ ^>-g-* ^AS. 

<3o> 3]]^^ A>-g-^>o^ a7isi-'S cf^i)- ;a-i=f. 
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y = X2 » 1 + X3[-l] » 1 + X4[-2]» 1 + X5[-3]» 1 + X6[-4]» 1 + X7[-5]» 
1 + symmetry 

<32> 4^^m(shift)£]Ji ^^s. ^ 

9X^ ^^m. ^71 symmetry ^ K7]B\ ^Sfl A>-g-^ -S-o^S-^i cfl^Js] :^]^7} 

^^s)^ ^, h7-?-Ei his ^}^]^ ^1^^ hO-^Ei he^'V^ls] 7114^21- cfl^lo] 

B.S. ^£3^ '^5^*>:il symmetryS-A^ ^^7]^ afssl- :^]^ s^^^ 

7}^]^ FIR ^el* E^-^^i^c cfol^E f-(transposed direct form)ol-g-sH 
-£ 1^ T^^^^^l ^'H^T^. 
<33> H 1^ %2l^}^, b^-^(T1~T7)^ ^IrCtaps)^ ^^7]^ ^S. Ai(i^ 1 

o]>^o| S7]slJi, ^]<^7]^ ^s. DiS. S.7]s\T^, o^^xls.^ X. y 

<34> £ 1^ ^S^V^, ^e}-«?l(Tl)<^lAi 11<^^]^ ^^7]#(A1,A2)<^1 9]^ -1-4 -70^ ^ 
^o] ^^}c^7^ ^7] ho n^7} ^^^JL, ^e1-^(T2)o11>H :a-<^^l^ ^^7l§(A3,A4)on 

-1,-4,-8^ ^^o] ^*>o^^ hi ^1^71- ^^^nl-. >a-7l -1,-4,-84 ^"^l -n(n 

^ ^^^)^ 2-n# ^i^l^M ntijE e^-olE(right)A]M -^^olcf. 

<35> ;^1'?!7]1:(D1~D13)^ y» ^7] 2^-7] cll-§-sl^ ^-37151 
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^ Bi-oj ^]<^t}7] 7]^-^ tb^-. ho ^^^1 -1,-4.-7^ S)^ 

-1# 4=1 ^S. *M<:>> sr>7] iifl^ol^. 

^ €^^^1^1- te^cfl 147fl^ ^^7]^ai~AWo] ^^-5}^^. 2fll45>^ # 77)1^ Tjl^ 
7> ^^tlrCfl ^ 711^ ^E] 2711^ ^^o] A>^El7l t^j^ojcf. ZLSlJl #^^^1- 

^o> vfl7l ^^><:>^ 1371151 ^>S7ll-(A12-A27)ol ^A^l-nl-. vc^B\A^ ^ 14+13=2771151 

<37> ^^7] S-l<HlAl ja^ol h05l ufD^^l ^rfl^iol -B-A>^>i4 ^-f-sfl^^ 

€ ^ ^-^H-S. ^^51 ^^m^ ^ ^A. 3t|)^c,llA-l ^^51 

^ ^ S-^-^£l<H<^>^ CSD^5l ^iE-lollA-l >5l^^ ^ Jl^o^ :^E-l7> ^ 

<38> >a-7lt!- ^<>1, £ 14 ^t^T^^^'^'fl^i €^ ;^l^(coefficients)5l tfl^Hl^l 

^5^^S1^ ^*^^ll^^ <^1-S-^><^ ^^7151 oli^ ^4lAl^ ^ ^ 

^^7l7l- ^^^^ ^A^^o] oj^cf. 

<39> ^«1^5l 10^5] ^^^-a- FIR ^Bll- #>^i7lS ^l-^>. 

<40> H(z) = ho + hiz-l+ h2Z-2+ h3Z-3+ h4Z-4 + h5Z-5+ h6Z-6+ h7Z-7+ h8Z-8+ hgZ'^ 

<4i> ^o) :gE-l5l ^1^71- t:l-^5i|- CSD^-^S M-Bl-ifl^x:l-Jl ^>/^>. S-2«^l^i 

-l€- N^S- ^71^4. 
<42> S-2 
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<44> 



<45> 



<46> 



<47> 



<48> 



<49> 



<50> 



<51> 



<52> 



<53> 



hS^Bl h9^7>x]o] ^1^1-^ hO^Bl h4P7}^]9] n^^^ tfl^lolH.S 

7>S^ 9H]E^ S^^^ CSD^^ ^Bl7]l^# M-B^-lfll^, :^]^^ 

Bj-^JItq-. ^ hO^ ^1^^ lONOOlONO^ CSD Tlj^olcf. o^o^ z^-z]-o] ^j]^ 3z|lBii.^ ^ 

ho-X2 = Xi"Xi » 2 + xi » 5 - xi » 7 
hi^xs = -xi » 2 + xi » 5 - xi » 7 
h2'X4 = xi + xi » 5 - xi » 7 
hs^xs = xi - xi » 2 - xi » 7 
h4:x6 = xi - xi » 2 + xi » 5 

y = X2 + X3[-l] + X4[-2] + x^iS] + X6[-4] + symmetry 

^^7m ^In^ 7}^]^ FIR S^a^i^:^ i:fol^E 

i 2» i 14 ^<^^ -^^>^l-7ll B}^(T1-T5)^ ^*(taps)# 

^, ^^^71^ ^S. Ai(i^ 7]<^7]^ ^S, Di^ S7l5]T^, 

^^^5:^ X, yS. M-HfM- 9X^. S^oflAi ti]^ 5^7ls ^71^15^0.14 if 

^ ^^>^ ^>g7l^ ZL ^S,'-'7} S.7]^o] olt4. ^El.ol(Ti)ol]A^ iio^y^]^ ^ 
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^7ll-(Al,A2,A3)<^l -1.-3,-6,-8^ ^^H^ ^7] ho =^^^JL, ^ 

5l-<il(T2)<HlAi Jic^;^!^ ^^7ll-(A4,A5)'^] -3,-6,-8^ ^^^1 ^^l-<^^ hi 7^1 

^7> ^]'^7]%{m~m)^ y» '^71 A7] ifl-g-S]^ ^^7lS] # 

"^^A^M: ^^^cfl 1171131 ^>g7ll-(Al-All)ol ^A3r>nl-. Sflu|:s:>ia 3. 

2. 2, 2, 27flSl ^^Ol A>-g-5]7l ^1^7l#o)l c^^Slol ^^g^ ^§>^ 

3J^7ll-(A12-A20)ol 9711 ^^€r>cl.. ^ 11+9=20711^ ^^7ll-ol ^^s>cl-. 

<55> S-2011A-1 ^^Ol hO^l 311^3)- q-t^l^l 711^1-^ Sfl^o] ^A>^>14 ^#311^^ ^ ^ 

g^O^JE.^ ^Al ^^lo^ ^V^^ A^^^ ojcl-. Olsq. 3fl^c1lAf£ ^^o^ ^1-^^ ^ 

^ «^^^1 2.^slc>lo>i?V CSD^^ ^t^^Hl^i ^^i^^^l 7>^^ ^ 

<56> >^7m W>5Jl- ^^], ^ 2Si\- ^El^^^<Hl^i ^%HlAi A|Aj£l^^:g. 

<^l-§-^V«^ ^^71^1 ^# ^^Al^ ^ ^ o;io.u|., o^^^i 3i^7l7> ^ 

oi ^^£i^ ^^i^oii 7]<>m^ ^ ^-1^^ ^^^^ ^^^s. ^^^^>7i <^^ci-. 

<57> ol^l, x\] ai^o:) :^^SAl, t:l-^3i}. 1Q^Q\ ^^^^^ FIR ^^il- #1^.^.713. 

H(z) = ho + hiz-l+ h2Z-2+ h3Z-3+ h4Z-4 + h5Z-5+ h6Z-6+ h7Z-7+ h8Z-8+ hgz'^ 

<59> ^T^Q^ nW7\ CSD^^^ ^^-^^t^JL ^\7\. Cf^^l S-3<^1>H 

-1^ a7i^ci-. 

44-11 



1020010006901 



2001/3/ 



<60> 



<61> 
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<62> ^7]^ 5.-3<HM-1 hS^Bl hm^]s\ hO-^E-1 h4^7>^l^ :^]^^^ tfl^io]Ds 

^Sn^}^^. S<Hl^i 7}S.^ 9«]ES a^s)^ CSm^ ^E^^Nl^* 
^ ^gE-l M-Bj-i^cf. ^ hO^ lONOOlONO^ CSD Tfl^olc}. 

<64> ho-X2 = xi - xi » 2 + xi » 5 - xi » 7 

<65> hi:x3 = -xi -xi » 2 + xi » 5 - xi » 7 

<66> h2:x4 = xi + xi » 2 + xi » 5 - xi » 7 

<67> hs^xs = xi - xi » 2 - xi » 5 - xi » 7 

<68> h4:x6 = xi - xi » 2 + xi » 5 + xj » 7 

<69> ^>-g-^H a^i^VT^ ^-^-^ 

<70> y = X2 + X3[-l] + X4[-2] + X5[-3] + X6[-4] + symmetry 

<71> ^7lt!- 21)^1:^ 7}yq^ FIR ^E^l- t^o]^^ M.^ 

<72> s. 3-i- ^S3^>^, :£ 1 5E^ £ 2^1 ;g-fsi)- -B-^Vs^Ml el-^(Ti-T5)^ ^ 

l-(taps)# ^^7]^ Ai(i^ l^l^o^^ ^1-<^^)S a7ls|Jl, ^1<?l7l^ ^ 
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^ 5i^7ll-(Al,A2,A3)<^1 -1,-3,-6.-83^ ^^o] ^©H^c^ ^^-7] ho y^]^7} 

^Bfoi(T2)oll>^^ iic^^l^ ^^7ll:(A4,A5,A6)oll -1,-3.-6.-8^ ^^o] 

^*>*^^ hi ^1^7V ^^^4. ^1^7l«(Dl~D9)^ yl- 'S^l cfl 

^ ^^}^ 5i^7l7> 9711 ^jS-^l-cf. rcl-el-^i # 15+9=24711 2l ^^7]?} A>-§-^t:f. 

<74> S-S-Hl^i Ja^ol h03l Jtfl^jll- M-i^l^l n^^^ n^o] -^Al^lx^ ^A] ^^3fl^^ 

« ^ ai-^-^S. ^^3^ ^dbfe ^ ^Cf. Ol^ 3lll^ollAi£ ^^S] ^ 

^^1- 4^ «ol-'^*^l £^^0l<^>^ CSD^^l ^tE^oflA-l Xi^^O.^ ^E^ ^^Ol 7>^^ ^ 

<75> £ 331- ^Bl^^^oflAiS ^E-1 ;^1^S1 cfl^loflAi AjJ^^^i^]^ oj^^l-a^ 

5i^7l3l ^» o^i^ ^J^Al^J ^ ^ 9X^^, <^^^1 ^^7l7> ±J^S\^ ^^1 

^oil 7l«?l*H ^ ^i^^ ^^j^s ^^^*>7l <H^cf. 

<76> >a-7lt!: w>sq- :y-oi ^^^>a- FIR €el«^lAi^ :^]^^ tfl^ioflAl ^^^^-^ 
^]-%-^}^ ^-^7]* #0]^ 71^^01 -fAia^o.^ ^>-§-sli^, FIR ^EloilA-]^ cH 

^HlA-l ^5^^JE1^ ^l-2llliol ^O^B-S. Tll^l-ollAi 14E}14^ ^-i-Sfl^-i- SAV^H ^^*> 
^ 71^^01 AV-g-^cl-. ^ 7}^] 7]^ S.^7} xJi\o\] ^7l)§>^ "S-^n^^ ^-^*>^ 
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<77> 0]$^ ^o] CSDCCanonical Signed Digit)* ^}^^ FIR ^Ei^^^^l^i, ^V-g-^^^l^ 

7}^7]9] ^1- #0)71 ^tt ^^Sflli ^-^ wj-^o] ^-^ti. ql^^efl^ 40^^ 
(Subexpression sharing)7l^ol5l-^ ^^l^S. ^ ^<^H1>H 7fl a] 3^] <H ^ . <^1^ 
<^><^1 el (Richard I. Hart ley )<H1 ^^i) ^5.^ 'Subexpression sharing in 
filters using canonic signed digit multipl iers'srl-'Hl IEEE Transaction on circuits 
and systems II: Analog and digital signal processing. Vol. 43, No. 10, pp. 
677-688. October 1996. <H1 M-B^-uj- SX^. 

<78> 7>^7l# ol-§-^>^ 31^ FIR ^^]^ <yEflx-1 ^s. 

li2fl°J(MILP)# ^>-§-tb ^Blo] ^;^ltij-igofl 71^0] M. Yagyu, A. Nishihara. and N. 

Fujii, 'Fast FIR digital filter structures using minimal number of adders and its 
application to filter design', lEICE Transaction on Fundamentals, Vol. E79 A, No. 
8, pp. 1120-1129, August 1996. 7flAl^ «> ojrf. 

<79> ^7]^ ^^7]^^<^]^^^ ^^^^ tfl^Hl^i ^S^^Sl^ ^#3fl^o]sqofl 

^ o^o] ^nf. CSD^-^S. ^^5]^ c^^l^ ^BioflAi 5i^7l^ ^7> ti>3£^lBl 

^^^^^ ^-lEl^Sl- ^^^>^^, 3i^^7l^ ^1- ^ 7]^o] 

<81> t^E^-A^, >^7l^ f^HflSl ^^^1^1-* 7)1^^ 7]^o] ^ ^O^Ai ;a 
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<82> i4e|.A^, ^ ^xgo^ ^7]^ #Hflsl ^ 91^ cl^l^ ^e] 

^ CSD ^2: ^ ziofl rc)-^. ^E-I^^wj-^^ ;^1^^<^1 ^cf . ] 

<84> ^ ^i^o^ SE cf-g- /^^^^ JL^ -f-^S] FIR^Ei* ^l^^ofl 

<86> >^7l^ ^^1- ^ Efo^ s-a^^ ^>^^sl-7] ^tt ^ ^^21 ^ 'y=>^(aspect)ofl rcj-H^-, 

n w]E(n^ 2^1^^ ^V^^)^ CSD 3.B.^]B.S. K^S\^ ^^l^^ln^*!- ^n^S. x:]^] 

S-M ^^^H CSD n s^-f^H-SAi z^-7l S^i^l^ ^E^ 

^^^^^S. ^a)^ :tE-] Tfl^^ alE 4:jaE ^s. nv^ z]-7l 4=1^^5]-^ ;^114=|M 
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^71 c-I^H i^-§-^^ ^21-^<=>11 ^l^^m ^12 ^^^'StHl-^ 

71 ^tfl ^^S. ^^Sl ^10^711- 7V^1^ ^]«?l:3.1-a4; ^7] ^10^711:51 

71 ^e^-<y^ cl^v^ ktiis^ ci^l^ #^^^» ^8^^^}y] ^tt 

<88> ^7]^ ^ ^^fil ^J-'^ ^ ^Bl^S^ll t^aig, ji^ ;?1^^ o§>a: ^ ^^^71^1 Aj-g- 

# <^l^Hl^i 7l#5l^ ^ ^i^si ^/^l^>ji tiV^^lt!: ^^Hl^ M. 

^^^^ ^^1^-1 ^^1 "^^m ^^m^ ^ <^]n^ m 

2]^ ^'^ ^^1 -^^m ^S^JllrS. 7]7ll^^ ^^^><i^c> tlrt:!-. 
<90> ^Z], ^ ^r^^ ^X\d\]^o^ ^^o)l <a^£)7ll ^^l^lJl ^fe 7]^^ ^pj-^, 

^^5^^ 2ll^ol ^-i-3()^o1] tfl^>C^ ^E^Tfl^^ cfl^l'^lM- :e.^^Efl^i£ ^^^^] 

<^>q*m 71^21 ol-g-^l-o^ ^ $;ic|.^ ^olrf. c^l^cfl, 
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^^71 cfls^l-oi Hi mo] -§-(4=1 M). tilm7>>a:. ^^]-^ ^Js^sl 

<91> ^ ^^^'^l^i A>-g-5l^ ^^7l^ 'a^2:^<Hl ^>-8-S]^ ^^th ^l^^VJl^ -S. 

c-IChalf adder)S!l- *>M-5l 7flolE(0R gate)^ ^ Si^-. /S-7] oflc]^ 

<93> c|"§-4 14^^ ^^^^ FIR #5^:a.7is. ^V^^V. 

"^^^ H(z) = ho + hiZ-l+ h2Z-2+ h3Z-3+ h4Z-4 + h5Z-5+ h6Z-6+ h7Z-7+ h8Z-8+ h9Z-9+ 

hioz-lO+ hiiz-ll+ hi2Z-l2+ hi3Z-l3 
<95> :gE:^o:| ;^1^7> ^7] S-l<Hl^i^ CSD^.^^ u)-Ef vfl^C^-Jl sr};:^]-. 

<96> ^J-7l S-1«^]A-1 ^C^Xl^ ^Z^-o] 711^ Sfl^l:^ hO# ^l-§-*l-0^ ^o] 

<97> hi : lOONOOOl = lOONOOl - 00000001 
<98> h2 : lOONOlO = lOONOOl + 0000001 
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<99> h3 : lOOONOl = lOONOOl + 0000100 

<ioo> h4 : lONOOOl = lOONOOl - 0001000 

<ioi> h5 : OlONOOl = lOONOOl - 0100000 
<102> h6 : lOOONOOl = OlOONOO 1+0 1000000 

<103> s-s. 3J1^^ ^^5fl^ hO^ lOONOOlS] sfl^^ o]-g-*><^ M-Bl-'i ^ ^cf. 

z]-z]-o] n^^^S. t^E^tfl^ ^cf. 

<104> ho:x2 = xj - xi » 3 + xi » 6 
hi:x3 = X2 - xi » 7 
h2"X4 = X2 + xi » 6 
<107> hs^xs = X2 + xi » 4 

<108> h4:x6 = X2 - xi » 3 

<109> h5:X7 = X2 - XI » 1 

<iio> he^xs = X2 + xi 

<lll> ^]-§-^H S7l5r>Ta cf^izf ^cf. 

<112> y = X2 » 1 + X3[-l] » 1 + X4[-2] » 1 + X5[-3] » 1 + X6[-4] » 1 + XjiS] 

» 1 + X8[-6] » 1 + synmietry 
<113> ^^7m «f^4 7}^]^ FIR E^^i^c Cfol^E M. 

(transposed direct form)^ «^l-§-^l-<^ t^^^V^ :£ 4fi|- ^^^^>1 "Sol^cf. 

<ii4> 4S ^^t}^, ^9im~m^ ^*(taps)^ ^^7l^ ^S. Ai(ife 1 
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ol>^o^ ;^>o^^)S. i7ls]ji, :^]<^7]^ ^s. DiS. K7]^^, <y^^S^ x. y 

^^<^] ^S. '-'7} K7]s\c>] ojn^. 

S. 41- ^2:*>^, ^Hl-<?l(Tl)«^l>^i :e.<^^l^ ^^7l#(Al,A2)'Hl -1.-4,-721 ^ 

^o] ^t}c^7^ >^V7l ho ^1^7]- ^^i^Jl, ^el-^(T2)ofl^i ^^7l(A3)ofl ^tfl 

ho -8^ ^A^o] ^t}c^:^ >a-7l hi ;^1^7> ^e1-^(T3)<^l>^i ^<^;<1^ ^ 

>S7l(A4)<:'ll ho -7^ ^^o] ^*H^ ^7l h2 ;^1^7> ^^S^Jl, ^5l-Ol(T4) 

oil^i io^^l^ ^^7l(A5)o11 2]sfl ho ^14^^ -5^ ^^o] ^3:H^ ^7] h3 7il^7> 

^e1-^(T5)o11^i i^^^l^ 3J^7l(A6)^l ho Til^sf -4^ ^^o] 

7] h4 ;q]^7> ^^£)JL. ^5l-^(T6)«^1^i ^<^^1^ ^^7l(A7)<Hl SiSfl ho ^1^^ -221^ 
^^1 ^7l h5 7fl^7> ^^s]!^, ^el-<?l(T7)<Hl^i -e.<^^l^ ^^7l(A8)<^1 

(A3,A4,A5,A6,A7,A8)^ ^^^^ ^^afl^o.^ ^-§-^1-^ €^^^1^ hO^I ^e|-<?l(Tl) 

oil ^^-^S ^^^^ -B-^*>e1-. ^1^7l-i-(Dl-D13)^ y» ^7] 

47] i:fl-g-£l^ ^^7lo^ ^c>l^ El-<a ^l^^M ^tt 71^* ofl^cfl, 

^]'a7l(Dl)^ ^7] ^^7]ai)^ ^-I^^VJL SZi47> ^7] 3i^7l(A3)2l #^o1 uj- 

-2.^ Aj^oflA^ ^>g7l(A9)2l ^l^t!:i=}-. ^l«?l7](D2)^ ^7] ^^7l(A4)^ #^ 

o] ufl 3}^7l(A9)^ 5}^7l(A10)^ 'i^^-^.^ ^l^tb^f. 

^ ^ = ^0)1 871121 ^>g7l-ir(Al-A8)ol A>-g-sl ^cl-. ziS^Jl y# £ 
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7l-i-(A9~A21)ol 137B ^V^sl^cf. rcfe^-Ai %. 8+13=2l7fl^ ^^7l7> Af^s^o^tq.. o]g]. ^ 

277fl^ ^^57l7> A}-g-£]5i0.q. £ 4oflA-l^ 217]] 21 ^ ^ 7] 7> A>-g-£] o^-g-^ ^^sl-e|. 
<117> 3i^7l7]- cl-H-1- ^^*)-^. f^2fl^ «cJ-^<Hl>H^ hl^B^ h6^ 

^^^>ZL>^> <a2]oi hl^B] h62l 2.:^ h02l ^ 

B];^]^# <^.l-§-*H S^^VS^. -y^^ sfl^o] ^-f-sfl^o] iH]B -i-^H 

<ii8> CSD K^^^ ^nA]^^4r t^^]^ ^Bi<^lAi Aj.7i 

5^^^ 7moi] ^^3i|]^2l tilEo]:^^ -i-^H ^M^V^ ^olrf. oj-B^-A-l, oj 

^<^i 

<119> ^7lt}: w>S]- ^o], ^ ^T^o^ ^ ^A] c^jo^ tilSo]^^ ^*}: tt]^<a 

AjA^^Vc^ ^E] ^^oi] A>-g-s|^ 7>>a:7l^ ^» £ 12^ ;g-foil til^ 67fl» ^1- 
^A]^cf. u^E^A^, y^^^ n>^2l ^ ^el7> ^A^S]^ S.21.71- 9X^ . 
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<i2o> ^ y^^o^ ^-fS-^i, alE7>A]:oil tH^<g ^-1-311^31 A^A^^ ^^tbcf. -^^}^} 

7)] H 51- 1^1 el %i-^5>jL £ 2sq- wjiii^Vo^ ^^7]^ ^1-^-1- ^}^^t}c^^ ^"J-^fcf. 
<i2i> t:l-i-32|- 10^ >*d^^'^ FIR €^1* #3^^7lS 

<122> H(z) = ho + hiZ-l+ h2Z-2+ h3Z-3+ h4Z-4 + h5Z-5+ h6Z-6+ h7Z-7+ h8Z-8+ hgZ'^ 

<123> ^o;) ^E^S^ :^]^7} >^7ltb a-2oll>H4 CSD^^S. M-Bf^fl^^Jl 3r>>(>. 



<i25> hi : OONOOION = lONOOlON - 10000000 
<126> h2 : lOOOOlON = lONOOlON + 00100000 
<127> h3 : lONOOOON = lONOOlON - 00000100 
<128> h4 : lONOOlOO = lONOOlON + 00000001 

<129> ^. hO^ 3fl€# <^l-§-§><^ ^^1 ^^-2.^ M-Hl-^ ^ o^lcl-. 

<130> ho-X2 = xi - xi » 2 + xi » 5 - xi » 7 
<131> hi^xs = X2 - xi 

h2:x4 = X2 + xi » 2 
h3 = X5 = X2 - xi » 5 

h4:x6 = X2 + xi » 7 
<135> o^o^ Af-g-2r>a^ S7l*>^ Cf^Sf ^Cf. 

<i36> y = X2 + xsE-l] + X4E-2] + X5[-3] + X6[-4] + symmetry 
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<137> ^^7]^ H>Sf 2l)^S.o. pjj^ ^g:^^ E^^^jC^c 40] a} E M.^ 

<138> £ 5* Hl-^(T1-T5)^ ^l-(taps)^ M-Efifli^, ^^7]^ ^s. Ai(i^ 1 

o]^Q\ yc]-<^^)S. S.7]s\3i, :^]<^7]^ ^s. DiS. K7]s\T^, oj^^J:^ x. y 

<139> £ 5^ ^e|-^(Tl)<^1^-1 :a<^^1^ ^'S7ll-(A1,A2,A3)<^1 S]«fl 

-1,-3,-6,-831 ^7i ho ^i^7> ^^sizL, ^s^9la2)^^^^ ^^^]^ ^ 

^7l(A4)ofl ho 7^]^^ -1^ ^^<^1 ^^M^ ^7] hi ^1^7> ^^^1^. ^Hl-^(T3) 

c\]A^ ^o^;^1^ ^^7l(A5)<Hl ho -3^ ^^o] ^*>al>5^ >a-7l h2 :^1^7> 

5]^, ^e1-^(T4)<^lA-1 :a.<^^l^ ^^7l(A6)<>fl ho ^1^^ -6^1 ^^o] ^^}c^7^ Aj- 
7l h3 7^1^7> ^^sli^, ^ei-^(T5)<Hl^i ic^i^lfe ^^7l(A7)ol1 ho ^1^^ -8^ ^ 

A^Q] ^^}c^7^ ^7] h4 ;^1^7> ^^^r:]-. 
<i40> :^l<?!7l*(Dl~D9)^ y» ^7l ^«fl zl-7] tfl-g-s)^ ^>97l2l ^o^^ 

El-<a i?>^ ^l<asr>7l 71^-a- tlrCf. <^l^cfl, ;^lo^7](Dl)^ ^7] ^^7]^!)^ 

^ ^i^J-s:>JL $a47> ^c]-7l ^^^7l(A4)2l #^0] 14^^ Al^oflA^ ^>S7l(A8)^ ^ ^ -^S 
^l^tVcf. ;^lo^7l(D2)fe ^7] ^^7l(A5)^ ^^o] nfl ^J-^ >a-7l ^>a7l(A8)Sl 

^^7l(A9)Sl ^l^W. 47lA^, ^^-71 '^>a7l-i:(A4,A5,A6,A7)^ 
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<141> £ 5S\- ^^Sl-^c-il A}^^ ^^7]^ ^1- Cf-g-aJf ^Cf. r^7;\ 2\ 

^Ei^]^» ^^fe C-floll^ Z^-Z^-o^ ^l^tS 3. 1, 1. 1. 17H^ 3i^7l7V A]-g-£)7l 

^^7l#(A8~A16)ol Af^^^ ov ^ olcf. U^S^A^, %. 7+9=167flS^ ^^7]^o] A>-g-5]^ 
<142> olsq. ;y-ol, HlE7>A>oll 9]t}c^ A^A^^rVo^ 5<2]. :y-ol ^B]* ^ 

£ 2ollAi^ 2071151 ^^7l7> Al-g-£)o^0.q. £ 5ollAi^ ^^717]- Af-g-S] ^ 

<143> Ol^q. ^O], ^>a7l7> Ol-^^ a Cl-Al 7^S^>0^ ^^S:>^, ^2flfil «J-'^<^lAi 

^ hl-^Bl h4^7l-^l^ €Bl7ll^7> hOSl ^-i-all^azl-^ ^;^17> hl-^^l h4^7>^l^ ^ 

E-lTii^l- ho^ <^l-§-*M ^^^f^l *^>^ ^ ;^Hls.Ai^ ^^^>^^-. 

^ l-^<HlAi^ ^gflsl ^J-i^ail-^ ^ej . ^M^>i;^> <a^5l 3i||^s. hl-f- 
Bi h4^^M^ 2.^ hO^ ^tl^l^l- ol-g-5><:^ S^^V^cf. ^. 7l^^ 

i7iifii ^^^^ ^7H>o^ ^<a^ ^ ^Cl-. 

<144> >^7]t}: ^<^1. ^ ^ ^^11 -^Al ^-f<^l^ tilS7]-A]-0. ^^<^ 

A|A^eH ^^<=>1] 71-^71 21 ^1- £ 2^ ^-fo^l tils}] 

^^Al^Cf. ICl-Bl-Ai, ^^o^ ;5l^^ ^ Jl^ ^el7> ^A^Sl^ jLij-7> SJCI-. 

<145> ^ ^Vi^o^ ^Al oll# f^o^ ^^ct) ;g^SA-l, tils tiV^oll til^<a ^-i-211 
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ojsrHlAl ^^fiVt^. -H-^l-s^Ml £. 61- i^ls) %^t}lL S. 3^- ^]mL^}c^S. 

<146> 4-5-^ 10^ FIR #5^ii7]S. *>^]-. 

H(z) = ho + hiZ-l+ h2Z-2+ h3Z-3+ h4Z-4 + h5Z-5+ h6Z-6+ hyZ'^i h8Z-8+ hgZ-S 
<148> ^Bloj ;^1^7]. ^_32|- CSD^-^S- M-Bl-tfl^Cfjl ^}^} . 

<149> S-3<^l^i 7>^^ 9W]E^ tb 71121 CSD^ ^ M-B^-iflc^, Afl 

A>-g-sl^ o^sl 7112^ :gEl ;^1^1- M-eI-hHcI-. ^ hO^ 711^^ lONOOlONO^l CSD ^^1 

<150> :^o| zl-z^-o^ sfl^-i:^ hO^ ^^V-S-^V*^ ^<=>] K7]m. ^ 9X^. 

<i5i> hi : NONOOION = lONOOlON -100000000 
<152> h2 : lOlOOlON = lONOOlON + 01000000 

<153> hS : lONOONON = lONOOlON - 00001000 
<i54> h4 : lONOOlOl = lONOOlON + 00000010 

<155> s.€- ^-1-3)1 ^ol hQo] s|l^^ o]^^}c^ ^^^S. ^-^-^ ^o] ^ 

^ 9X^. 

ho:x2 = xi - xi » 2 + xi » 5 - xi » 7 
hi-X3 = X2 - xi » (-1) 
<158> 112^X4 = X2 + Xi » 1 

h3-X5 = X2 - Xi » 4 
h4:x6 = X2 + xi » 6 
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<161> ^o^i Sflli^ >»>>-§-^H JL7]3:]-^ Cf^^l- ^4. 

<i62> y = X2 + xsC-l] + X4[-2] + X5[-3] + X6[-4] + symmetry 

<163> ^7lt!: sfl^-i-* 7Hfe FIR ^E^l- tq-ol^E 

<^]-§-*H ^^*>^ 63)- ^^^o] ^ol^cf. 
<164> s. 6* %^^}^. 21-<?1(T1-T5)^ ^l-(taps)^ M-Bl-vflc^, ^^7]^ ^Jl AiCife 1 

'^l^i-^ 4*?!^=^)^ S.7]s\jL, ^]'^7]^ ^s: DiS. a7ls)D^, oj^Aij:^ x, y 

S. ^-E^-^^- ^Cf. £^0)]^^ ^^7]S. S7]£l^0.q. .gAAo. ^^^^ .t^7l^ ZL 01 

<i65> £ 6^ %^2:^>i^, ^e1-<?l(Tl)«11>^i ii<^^l^ ^^7l#(Al.A2,A3)ofl 

-1,-3,-6,-8^ ^^^o] ^^H^ ho 7jl^7> ^&|-^(T2)ol]Al io^^l^ ^ 

^7l(A4)<Hl ho <a^^:£^ ^^<=>] *S*l-<^^ ^i-7l hi ^1^7> ^^^cf. 

<?l(T3)<^l^i ^<^;^1^ ^^7l(A5)<^] ho ^1=7^^ -2^ ^^'^l -^-71 h2 

7> ^s1-<?l(T4)oll-^i tio^^l^ ^^7l(A6)«fl ^sfl ho ^]^^ -5^ ^^^^1 ^S^l- 

^1-71 h3 ^1^7> ^^S]!^. ^Bl-^(T5)«^lAi ^^7l(A7)«^1 fil«fl ho ^1^5^ 

-7^ ^^o] ^*>c«^;5^ >^7l h4 :^]^7} ^^^t\., 

<166> ^l<a7ll:(Dl~D9)^ y» ^7] 2i-7] cfl^^l^ ^^7]^ ^o]^ 

El-<a ^]<^^}7] 7]^* tVcf. <^l^cfl, ^l<=^7l(Dl)^ -^>7l ^^fl7l(Al)S] #^ 

4r 9X^7} ^7] ^^7l(A4)3l #^o] i^^^ Al;goflA-1 ^^7l(A8)Sl <a^o.s 

^l^tbcf. ^1^7l(D2)^ ^7] ^^7l(A5)2l #^ol u}.^ ^■j;^-^ >^7l ^^7l(A8)^ 

^^7l(A9)5l <y^o.^A^ <^7lA-1, ^7] ^^^7ll-(A4,A5,A6,A7)S^ <Un 

44-25 



1020010006901 2001/3/ 
(note)sVH^-. 

<i67> £ 64 ^^l* T^^^l-^cii A>-g-^ ^^7]s] ^» ^cf. 

^tl^l^l- C-flofl^ Z]-Z]-o^ 3. 1. 1. 1. 1711^1 ^^7]7} A]-g-j^7l 

# 77)]^ ^^7l#(Al~A7)ol -^V-g-il^cf. H^JL, ^n^S.^ vl]^c-ll 97fl^ 

^^7]l-(A8-A16)ol A>-g-^^ ^ ^ o;ii:f. u^e^a^ , # 7+9=167flS] ^^7ll-o] aV-§-5]oj 

^^^V^, £ 34 #Efl4 »M 87]]S1 3i^7ll- ^7>S. c1 #<a ^ $i4. ^, 

£ 3^V^^ 24711 fil ^^7l7l- A>-g-5lojo.q. :£ e'HlA^^ 167114 ^>S7l7> A>^£)oj^^ ^ 
<169> olS]- :^ol, ^^7l7}- ^d^^ ^^3^>^, ^Efl^ «c}-^'HlA-1^ hl^Ei h477}^]^ 

^E^;^1^7> h04 ^^3fl^4^ ^;^17> ^o^B-S. hl^B] h4;7>;^14 ^B-l^^l^* h04 

<>l-§-*H ^*>:a ^>^1S-Ai^ ^^*>^4. ^sm. ^ ^^^<^l^i^ #efl4 «^^4 

^ ^^sl-j7;^> el-^ <as^4 311^1: ^, hl^E^ h4^7V;<l^ ^E-lTlj^l-^ 3.^ h04 

<^l-§-^M S^^l-5i4. ^, ^*5fl^4 IwlEo^ alEaV^^ ^^c^ ^<i>^1^ 
^<^>^o1 <^11- "g-^n^^s. ?§4*>^ ^^sfl^^ <^1-8-*H T^^^Vfe 

^ol4. ^4 ^4<Hl^i io^4^<^] hi^El h44 €4^1^#^ S-^ ^■i-^^<^l 171] 

<i7o> ^7]^ 44 ^<^1, ^ ^^4 >H1 ^^1 <^14 aiEHV^^ ^^l- 

^^^A^^H €4 ^^oil A>-g-sl^ 7>>a:7l4 ^« 39] yg^o\] b]^ 
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^^Al^cf. xt^^^^, iL^^sl ^ Jl^ ^]B]7} ^^^5]^ s.s^7} 9X^. 

71> HfS!]- ^o], cyo^o^ sfl^oll cfl^H tilMo]:^, tilM7>>Lh SE^ WlMaV^l- *| 

72> ol^H]A-1^ Aj.7]Sl. tf].<4 ^o. ^ ^Vi^ o. ^ ^o.^^ 

* -i-«R 6].u|.^zL ^5:^ A/D ^«:7l(22)<^l S^gfl di^ alM^ t:l^l^ 

^$^<H ^11,2 ^^7l(24.25)<Hl ^l^^c]-. /Sill, 2 €^^^(26. 27)^ 2^7] I ,Q 



<173> ^7] £ 7<^]^^, CDMA c>]-S-l-^ ^^7l^ IF^ Aj-oj:^ t:^^]^ ^7] 2 

^£^^(26,27)1- CSD^ o>7m^^S ^l^^l, ^^^^ ^sj-^^ 19. 6608MHz, sfl^iMH 

:^(Passband) ^4^=^^ 630KHz, E)l-(r ipple)^ O.ldB. il-«J|:E.(Stopband)^ 

2)-^^ 1.2288MHz, ^^(Stopband attenuation)^ -40dBS. 

<174> ^o. ^pj:^ i^V^sl-^ 72^^ ^^^^ FIR ^Bl* ol^>oilAi 727fl 

^ ^^^^1^^ cfl^lolo.^ 36711^^ 24 w]S He)A]^(bit precision)^ CSD^^ 7^]^^ 
M-^^ ^2fl^ ^-f-5^fl€ 14 a ^ £. 9i4 ^^"d^. ^sIM-, ^ 

^tb tile's ^■i-4€<=Hl ttf^^ £ 8^ ^o] u)-El-\+T:f. alJai- ^tV :£ 9^)- ^ ^^'^ 
^ ^-§- <^1» ^91 £ 8<>11^i -l€- n-2-^ JL7l^cf. 

<175> £ 8 ^ IE 9^]^^, 1 -1^1 =^7> # m=4587flol:E.S. o>-?-?i ^-f-^fl^* ^>-§-s^> 
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^1 ^1 m-l=4577fl^ ^l^'^l €As^>cf. att, ^^^-^ cfl^Hl Sit!: ^^4^^* 

-g-^f^ 229-1+36 =2647fl5l ^^o] ^Aer>cf. ZL^]^, ^^S] ^^^o\] ^-f-sJl^o^ ^ 

l-*><^ ^^^1-^ £ 9fi]- ^o] 18+179-1= 196711 ^>«S7l7> ^^3r>7ll 
:£ 9<^M-1^ ^#^11^^ AJl^ 1-^vfloll SAlsrl-^jOii^, °H -f^^ <ioll H 

711^1- ^^^>7l ^>S7l^ ^1- M-El-vll^cl-. al-el-^i 196711^ 5J^7l7V ^ 

<i76> ZLem-. £ 8<^l>^i^ ^ol Hl^^ ^-f-sfl^ol ^^^cf. 

<177> hi : *00101 = *0101Sl bit Shi ft (-1) 

<i78> h3 : *0100001 = *0100*01^ bit add(-l) 

<179> h? : 10*00*0* = 10*0010*21 bit ^^(-2) 

<180> hS : 100100*0*= 100100*0121 bit ^^(-2) 

<i8i> hl2 : *000*0* = *000*012l bit ^^(-1) 

<182> hl3 : 101001 = 10101^1 bit shift(-l) 

<183> hl5 : *00*01 = *0*012l bit shift(-l) 

<184> hlB : *0*001 = *0*012l bit shift(-l) 

<185> hl9 : 10*000* = 10*010*21 bit add(-l) 

<i86> h20 : *010001 = *010*012l bit add(-l) 

<187> h21 : *0010* = *010*2l bit shift(-l) 

<188> h23 : *000101= *000*012l bit ^^(-1) 

<189> h26 : *0*00* = *0*0*2l bit shift(-l) 
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<190> 



h29 : 100100*0*= 100100*01^ bit 



<191> 



h30 : 10*0010* = ^^11^ ^^sfl^o.^ ^^^(-3) 



<192> 



h34 : 10*00* = 10*0*3^ bit shift(-l) 



<193> 



Total: -21711^ >Hlol «.(save) 



<194> £ 8<Hl^isq- ^o], ^ ^-g- «^l<HlAi^ # 367l]Sl ^sf 16711 

<=H ^4. £ on <^6\]^ S. gofl Hl^Vo^ ^db^ ^^2] ^7} 7]^S\o] 

'^^ l58o1tq-. ^ ^^s^ a^-g- c^lo]]A-l^ ^-f-sfl^* "Jlr^^tll 2l7l] 

^ ^^^o] ^ 21+158-1=178^ ^^7l^o] ^^^j-cf. 

<i95> t4e}A-l, IE 8^ 5. cflwI^H ^^2})^ «J-Aioll «1*H # 1871]^ 

^^o] ^^^^ ^ ^ ^Ji)-!- S-4oll A^*>^cf. 

<196> 3^-4 





&| /Ml 0 

>^ i 
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